Inbred Buffalo rats were resistant to the induction of experimental arthritis induced by systemic injection of cell wall fragments in a crude whole-cell sonic extract of group A streptococci. This was in contrast to the susceptibility of outbred Sprague-Dawley and certain other inbred strains. Preliminary breeding studies indicated that genetic control of resistance of susceptibility is multigenic. When Buffalo rats were injected with a saline suspension of isolated cell wall fragments, chronic remittent arthritis developed. Suspension of the isolated cell walls in the supernatant fraction of group A streptococci solubilized by sonication eliminated the arthropathogenicity in Buffalo rats. Thus, a component separable from the cell wall fraction can modulate the arthropathogenicity of cell walls in rats, but the effect depends upon the genetic background of the rat. The antibody response of Buffalo rats to the polysaccharide antigen of cell walls was also affected by the supernatant fraction of sonicated group A streptococci.
Inbred Buffalo rats were resistant to the induction of experimental arthritis induced by systemic injection of cell wall fragments in a crude whole-cell sonic extract of group A streptococci. This was in contrast to the susceptibility of outbred Sprague-Dawley and certain other inbred strains. Preliminary breeding studies indicated that genetic control of resistance of susceptibility is multigenic. When Buffalo rats were injected with a saline suspension of isolated cell wall fragments, chronic remittent arthritis developed. Suspension of the isolated cell walls in the supernatant fraction of group A streptococci solubilized by sonication eliminated the arthropathogenicity in Buffalo rats. Thus, a component separable from the cell wall fraction can modulate the arthropathogenicity of cell walls in rats, but the effect depends upon the genetic background of the rat. The antibody response of Buffalo rats to the polysaccharide antigen of cell walls was also affected by the supernatant fraction of sonicated group A streptococci.
Studies of the biological properties of components of streptococcal cells have permitted the development of several models of chronic inflammatory diseases in rabbits, mice, rats, and guinea pigs. Aqueous suspensions of peptidoglycan-C polysaccharide complexes of group A streptococcal cell walls will induce a chronic remittent and intermittent multinodular lesion in the skin of rabbits (14) . A model of chronic pancarditis in mice (3) is associated with the localization and persistence of peptidoglycan-C polysaccharide complexes in the cardiac tissues after a single systemic injection of cell walls (11) . Two models of chronic arthritis, one in rabbits (13) and one in rats (2, 4) , are also associated with the persistence of group A streptococcal cell wall fragments in the inflamed joints. In guinea pigs, lesions of the heart, joints, and external ears are induced by a single intraperitoneal (i.p.) injection of cell wall fragments (W. J. Cromartie Supernatant from whole-cell sonic extract. Whole-cell sonic extract was centrifuged at 120,000 x g for 2 h, and the supernatant was removed. The rhamnose content of the supernatant was determined, and the amount of rhamnose in the supernatant was included in the calculation of the total dose of cell wall material injected when purified cell wall fragments were suspended in the supernatant of the whole-cell sonic extract. Of the rhamnose, 92% was removed from the sonic extract by this centrifugation.
Purified cell wall fragments. The 10 ,000 x g for 30 min. The top layer of sediments was carefully washed off from a lower layer of "unbroken" cells with PBS. The top layer of cell walls was washed four times with PBS with complete dispersion obtained in each suspension by treatment in a Raytheon 9Kc sonic oscillator for 30 s. They were then washed three times with deionized water and lyophilized. This is hereafter referred to as the crude cell wall preparation. Intact cells could not be detected by Gram stain or phase microscopy. The crude cell wall preparation was suspended in PBS (10 mg/ml) and treated with 0.025% ribonuclease (0.025 mg/mg of cell wall) at 370C for 4 h. They were washed once with PBS and treated with 0.025% trypsin at 37-C for 4 h. After they were washed two times with PBS and three times with deionized water, they were lyophilized. This preparation is hereafter referred to as purified cell walls. All procedures were conducted aseptically, and the stock enzyme solutions were filtered through a 0.22-lim Millipore filter before being added to the cell walls. To prepare small fragments of cell walls, the lyophilized purified cell walls were suspended in 40 ml of PBS (20 mg/ml) and subjected to ultrasonic vibration for 70 min, as described above, and then filtered through 1.2- and 0.45-,um sterile Millipore filters. The rhamnose value was then determined on the sample. This preparation is hereafter referred to as purified cell wall fragments. Sterility was confirmed by culturing 0.1 ml on sheep blood agar plates.
Method of scoring the arthritis. Rats were examined two or more times during day 1 after inoculation and then daily for the duration of each study. The severity of the disease was graded on a scale of 0 to 4 for each extremity. The score was based on the number of joints involved, the severity and extent of the erythema and edema of the periarticular tissues, and the enlargement, distortion, or ankylosis of the joints. The method used is similar to that developed by Wood et al. (18) for scoring adjuvant arthritis, with the exception that lesions of the skin or tails did not occur in the model under study. The maximum total score that a rat might receive in our system is 16. The joints scored were those of each extremity distal to the knees and elbows. Joint lesions were also assessed by X ray and scored by a radiological technique described by Clark et al. (2) .
Histological studies. Selected animals were sacrified at various intervals after inoculation. Specimens were fixed in 10% Formalin, and paraffin sections were stained with Weigert's hematoxylin and alcoholic eosin. The joint specimens were decalcified in formic acid-sodium citrate solution after fixation for 5 to 14 days.
Breeding of rats. Rats were bred in our animal facilities. Both male and female offspring were used. No effect of sex on the response was observed.
Statistical analyses. Data were analyzed by Student's t test and one-way analysis of variance.
Antibody measurement. Antibodies specific for the peptidoglycan and polysaccharide antigens of group A streptococcal cell walls were measured by a radioimmunoassay technique (N. Hunter, J. J. Greenblatt, S. K. Anderle, R. R. Brown, R. L. Clark, W. J. Cromartie, and J. H. Schwab, submitted for publication). "I is conjugated to isolated peptidoglycan or polysaccharide by first tyrosylating these structures (8). The methods described by Heymer et al. (8) and Bernstein, Klapper, and Krause (1) were adapted to rat serum. The labeled peptidoglycan bound to antibody was precipitated by polyethyleneglycol, and the labeled polysaccharide bound to antibody was precipitated by 50% saturated (NH4)2SO4. 2Na was used as a volume marker (6) .
RESULTS
Comparative susceptibility of rat strains to arthritis induced by whole-cell sonic extract of group A streptococci. Our study of the comparative susceptibility of rat strains to arthritis induced by whole-cell sonic extract of group A streptococci is summarized in Table 1 (4) . The severity of the joint reactions in the Fisher 344 strain was less than that previously described in Sprague-Dawley rats. Susceptibility of buffalo rats to arthritis induced by purified cell walls. Investigation of the genetic control of resistance of Buffalo rats was pursued by injection of the less complex purified group A streptococcal cell walls. These had been separated from cytoplasmic components and consisted essentially of covalently bound peptidoglycan-polysaccharide. The arthropathogenic response of Buffalo rats to purified cell walls was dramatically different from the response to an equivalent dose of cell wall in crude sonic extract (Fig. 1) . In both preparations, the cell walls had been subjected to comparable sonication, and each group of rats was injected i.p. with a dose of 60 ,ug of rhamnose per g. All of the 16 rats injected with purified cell walls suspended in PBS developed chronic remittent arthritis which continued for at least 100 days, whereas none of the 24 rats injected with whole- Fig. 2 . Buffalo rats were quantitatively less susceptible to the 20-rIg dose throughout the experiment. This difference did not become apparent with the high dose until the late chronic, remittent phase of the disease, i.e., past 60 days after injection of cell walls.
Modulation of arthropathogenic response to cell walls by the supernatant fraction of a sonic extract of group A streptococci. The arthropathogenicity of three cell wall preparations was compared in Buffalo ( Fig.  3 and 5 ) and Sprague-Dawley (Fig. 4) rats. These three preparations were: (i) whole-cell sonic extract; (ii) purified cell walls suspended in the supernatant of whole-cell sonic extract (i.e., solubilized cell wall, cytoplasmic, and membrane components); and (iii) purified cell walls suspended in PBS. Rats in each group were injected with a cell wall dose of 60 Ag of rhamnose per g.
Joint lesion scores were significantly greater at all time intervals in Buffalo rats given cell walls in PBS compared with cell walls injected as crude whole-cell sonic extract or cell walls injected with the supernatant of the whole-cell sonic extract (Fig. 3) days, but there was no significant difference between groups during the remaining 52 days of the experiment (Fig. 4) .
Comparison of the three preparations in terms of incidence of arthritis shows the same relative effectiveness in Buffalo rats (Fig. 5) as shown by the quantitative assessment of joint scores illus- Incidence of arthritis in Buffalo rats. These are the same groups for which the joint lesion score is given in Fig. 3 . trated in Fig. 3 . In the Sprague-Dawley rats, all of the animals in each group developed arthritis.
The radiographic scores, recorded by a different group of observers (Fig. 6 ), demonstrate the same relative effect of the three cell wall preparations in Buffalo and Sprague-Dawley rats as was shown by the macroscopic joint scores illustrated in Fig. 3 and 4 . Among the Buffalo rats, the score of the group given cell wall in PBS is different from the other groups at a level of significance of P < 0.001. Each group of the Sprague-Dawley rats is different from the Buffalo rats at a level of P < 0.001.
Histological studies. A complete histological analysis of the disease induced in the Buffalo strain has not been done. Sections from selected animals which had active arthritis at the time the experiments were terminated have shown erosive synovitis similar to that observed in the Sprague-Dawley strain (4) . The animals studied were those injected with purified cell wall fragments suspended in PBS.
Antibody measurement. The antibody responses to the polysaccharide and peptidoglycan antigens of group A streptococcal cell walls reaches a peak in serum at 1 or 2 weeks after injection and declines to background levels by 5 to 6 weeks. The anti-polysacchride levels of each group of Sprague-Dawley and Buffalo rats are shown in Fig. 7 (Fig. 7) . Among the Buffalo rats, the antibody response of the group given cell walls suspended in PBS is significantly greater (P < 0.02) than the other groups at 2 weeks after injection.
There were no significant differences between the rat strains or among groups in the antipeptidoglycan antibody responses.
Included in Fig. 7 is the antibody response of two to four animals in the control groups of rats injected with only the supernatant from the whole-cell sonic extract. About 8% of the cell wall (i.e., rhamnose) remains in this fraction. Each of these rats received 9 jg of rhamnose per g, which is sufficient to induce antibody response, but none of the rats injected with this fraction developed clinically or radiographically detectable chronic joint lesions.
DISCUSSION
These data demonstrate that the susceptibility or resistance of rats to experimental arthritis induced by bacterial cell walls is under genetic control. This control is multigenic, but further studies are necessary to determine how many genes are involved and whether this is associated with the major histocompatibility region.
It is also clear that the genetic control of response to cell walls, whatever its nature, can be modified by another component solubilized by sonication of group A streptococci. This is shown by the arthropathic response of Buffalo rats injected with isolated cell walls, and the reversal of this response if cell walls are mixed back with the supernatant fraction of the wholecell sonic extract before injection. In the Sprague-Dawley rats, the sonic supernatant fraction had the opposite effect on the arthropathogenicity of cell walls over the early phase of joint inflammation, and thereafter there were no significant differences between the groups of this outbred strain.
These studies do not clarify the mechanisms) of the genetic control, or of the modifying effect(s) of the supernatant fraction, which determine the arthropathic response to cell wall fragments. The Buffalo rats do produce much less antibody to the cell wall polysaccharide component than do Sprague-Dawley rats, and the injection of supernatant fraction with cell walls does significantly suppress the antibody response of Buffalo rats to the polysaccharide. However, other studies (N. ence to the pathogenesis ofjoint disease remains uncertain. Another possible mechanism of genetic control could involve distribution and persistence of cell wall material which, in part, reflects macrophage function. In vivo measurement of the fate of cell wall structures is in progress. We have previously described the processing of 14C_ labeled streptococcal cell walls by Buffalo and Fischer 344 peritoneal macrophages in tissue culture (16) . Under these in vitro conditions (16) , there was no difference between strains in the rate of phagocytosis or degradation of group A streptococcal cell walls. The only consistent difference was the increased degradation of group D streptococcal cell walls by Buffalo macrophages.
Buffalo rats display other distinctive features, including spontaneous autoimmune thyroiditis which is enhanced by neonatal thymectomy (15) . There are several characteristics which distinguish the model of experimental arthritis described in this report from adjuvant arthritis (7); but in that disease Buffalo rats have also been shown to have low susceptibility, whereas the Lewis strain is highly susceptible and the Fischer 344 strain has intermediate susceptibility (9) . Susceptibility to adjuvant arthritis was reported to be inherited as a dominant trait (9) .
The active component present in the supernatant fraction of the whole-cell sonic extract has not been identified. Work is in progress to determine whether the component is derived from the cytoplasm or cytoplasmic membrane or is a solubilized structure from the cell wall. Earlier studies, utilizing the model of chronic remittent skin lesions in rabbits, also showed that the reaction to streptococcal cell walls could be modified by a cytoplasmic fraction injected with the cell walls (12) . Those observations, and our recent studies on immunosuppression and modification of lymphocyte functions in mice (17) , suggest that the cytoplasmic membrane is a possible source of this activity.
